Summary The aetiologic role of tobacco smoking was elucidated in a case-control study comprising 579 cases of male lung cancer registered during [1972][1973][1974][1975][1976][1977] 
In Sweden the mortality rate of lung cancer has more than doubled during the last 20 years and lung cancer is at present the most frequent cause of death from cancer in males. With the background of many epidemiologic findings published since the pioneer work in the UK and US (Doll & Hill, 1950 ,1952 Levin et al., 1950; Wynder & Graham, 1950) it seems likely that tobacco smoking is mainly responsible for this increase. The literature on smoking and lung cancer has been evaluated and reviewed in several recent comprehensive reports (Surgeon General: Smoking & Health, 1979; Wynder & Goodman, 1983) .
In the Swedish population, the only detailed epidemiologic information concerning the lung cancer risk from smoking derives from a large cohort study by Cederl6f et al. (1975) consisting of 55,000 persons drawn from the 1960 census and screened for smoking habits by questionnaires. The findings agreed well with reports from the UK and US concerning the risk level of cigarette smoking. Unlike these reports, however, pipe smoking in the Swedish study gave about the same risk as cigarette smoking.
In the present paper, results are reported from a case-control study performed on male lung cancer in northern Sweden. The main purpose of this study was to evaluate the role of occupational exposures and interaction between such exposures and smoking in the causation of lung cancer.
Results from the study have been reported earlier in relation to miners and professional drivers (Damber & Larsson, 1982; 1985) . However, the data also gave an opportunity for a detailed study of the lung cancer risk of smoking per se. One characteristic of the population studied was the exceptionally high proportion of pipe smokers. Due to the size of the study and the detailed smoking data the effects of different types of smoking, risks for different histologic types of cancer and the effect of ceasing to smoke could be elucidated.
Material and methods
The original material comprised 604 male lung cancer cases from the three most northern counties in Sweden. The study included all new cases reported to the Swedish Cancer Registry in 1972-77 where death occurred at least one year before the start of the study (May, 1979 Group 4 was a heterogeneous group; some cases represented large cell anaplastic carcinoma but the majority were probably poorly differentiated squamous cell carcinomas, in which the cell type could not be identified due to poor differentiation or insufficient material. In analyses without regard to cell type, all 6 groups were included.
Statistical methods
All comparison between cases and controls were performed with dissolved matching. The essential results were, however, controlled by parallel analyses with individual matching, which gave very similar estimates. The relative risks, stratified by age, were computed by the method of Mantel & Haenszel (1959) . For the calculation of confidence intervals for the odds ratio, the 'exact' method based on the hypergeometric distribution was used (Thomas, 1971) . The homogeneity of the odds ratio was tested with an asymptotic likelihood ratio test (Miettinen, 1975) . The calculation of the population aetiologic fraction (AFPOP) for smoking was calculated according to the formula: AF -p=CFE x (RR-1)/RR, where CFE is case fraction (proportion of exposed cases) and RR relative risk (Miettinen, 1974) . Significance of differences between average ages and between average smoking times was determined by the t test (cf. Armitage, 1983 
Results
The crude risk ratio for all smokers in the material was 7.3 compared to deceased controls, and 9.0 compared to living controls (Table I) . Many (75%) of the youngest deceased controls (<60 y) were smokers, and for this age group a relatively low odds ratio was thus obtained. About 80% of the smoking cases and controls started to smoke before the age of 20 (Table II) . For smokers the relative (Figures 2, 3) . The relative risk for individuals smoking more than 25 cigarettes a day was 14.9(33.4) (Figure 2 ). Heavy pipe smokers (>100g a week) had a relative risk of 11.1(26.6) while for light pipe smokers (<100 g) this risk was only 4.7(4.3); (Figure 3 ). Combination smokers (cigarettes and pipe) had a relative risk of 8.9(11.8).
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Cigarettes smoked per day As in the total group of smokers the relative risk increased with smoking time. It was 2.3(2.4) for smoking less than 30 years and 16.2(15.6) for smoking more than 50 years. In the group with combined cigarette and pipe smoking the intensity was difficult to assess and this group was therefore not further analysed.
Effects of smoking cessation Among the controls defined as smokers 79 (67) were ex-smokers of more than 10 years standing i.e. 22% (24%). The corresponding figures among the cases were 42(26) and 8%(6%). Figure 4 illustrates the effect of smoking cessation in the total material. The relative risk was after 1-5 years of smoking cessation about the same as in current smokers but then gradually decreased, and was after more than 10 years only 2.6(2.3). This reduction was, however, dependent upon the previous smoking time (Figure 4 ). The decrease of the relative risk in exsmokers was less pronounced in pipe smokers than in cigarette smokers ( Figure 5) ; in both groups, however, it seemed to be influenced by the previous smoking time.
Risk estimates in different types of lung cancer High relative risks for smoking were obtained in small cell carcinoma, squamous cell carcinoma and the heterogenous group of large cell anaplastic carcinoma and poorly differentiated carcinoma not further classified. A significantly increased but considerably lower risk was found in the adenocarcinoma group (Table IV) . For small cell and squamous cell carcinomas the risk increased markedly with smoking time ( the smokers with small cell carcinoma than among the smokers with squamous cell carcinoma (41% versus 34%), while the reverse was true for pure pipe smokers (30% versus 41%). Only the last difference was significant (P <0.05). Cigarette smoking and pipe smoking gave, however, very similar relative risk estimates for these two types of lung cancer.
Discussion
The main observations in this study agreed with previous reports concerning the major role of smoking as a cause of male lung cancer. The population aetiologic fraction attributable to smoking in the present material was 80%(83%). The relative risks estimated were strikingly similar to those obtained in the above-mentioned Swedish cohort (Cederlof, 1975) . However, these risks were lower than those estimated in the UK and US (Table VI) which may be due to quantitative and qualitative differences in smoking habits. Most studies have indicated that cigzrette smoking is more dangerous than pipe smoking with reference to lung cancer risk (Table VII) . However, both the Swedish cohort study and the present investigation gave about the same relative risk for (1984) Case-control 9.0 2.5 Present study
Case-control 7.0(9.2) 6.9(8.1) both types of smoking. A similar finding was made in a German study (Randig, 1955) . The pipe smokers among the cases in the present study, however, had on average a significantly higher age at diagnosis and more smoking years than the cigarette smoking cases. In a way pipe smoking was thus somewhat less dangerous as longer exposure was required for induction of lung cancer. On the other hand, cohort studies with relatively short observation time probably underestimate the lifetime lung cancer risk of pipe compared to cigarettes. The decreasing relative risk observed for exsmokers after more than 5 years is in close agreement with several previous reports (cf. Reif, 1981) and is generally regarded as a strong indicator of a promoting effect of cigarette smoking. The present study furthermore suggested that the reduction of the relative risk in ex-smokers was dependent upon the previous smoking time. In ex-pipe smokers a high relative risk still persisted after 10 years, which might have been due to more irreversible changes caused by the long smoking histories. Another possible explanation could have been differences between the occupational profiles in pipe and cigarette smokers. No indication of an overrepresentation of risk occupations concerning lung cancer, however, was found among the pipe smokers. On the contrary, farmers and forestry workers were over-represented, i.e. groups which in Sweden have lung cancer incidence below the average.
In the present study, the highest relative risks were estimated for small cell and squamous cell carcinoma (Table IV, V) . This is in close agreement with most other reports (cf. Surgeon General: Smoking & Health, 1979 ). An observation of some relevance may be that pipe smoking was more common than cigarette smoking in cases with squamous cell carcinoma, while the reverse was found in cases with small cell carcinoma.
Nevertheless the relative risks estimated for pipe and cigarette smoking in the respective types of lung cancer were very similar. This might, however, have been an effect of overmatching. The controls were matched with the cases as regards municipality and the smoking habits had some geographical association, with pipe smoking being more common in the rural municipalities.
As regards the adenocarcinoma group, previous reports are somewhat conflicting. Some early studies showed no or only slight association between smoking and adenocarcinoma (Kreyberg, 1969; Doll & Hill, 1964) . Other studies, however, have strongly suggested that smoking also increases the risk for adenocarcinoma (Haenszel et al., 1962; Weiss et al., 1972; Stayner & Wegman, 1983) . In the present study, a significantly increased relative risk was estimated for this tumour group but it was considerably lower than for small cell and epidermoid carcinoma.
In the present study, two types of controls were used, living and deceased. For deceased controls, as for the cases, the data were collected through close relatives and from this point of view these two groups were comparable. As smoking is also related to causes of death other than lung cancer, a comparison with deceased controls probably underestimates the true risk of lung cancer. Living controls, who were matched with the cases according to year of birth and thus had outlived the cases by 2-7 years, may represent a positively selected group conderning disease risk and therefore cause overestimation of the risk. In the present study comparison with living controls as a rule gave higher risk estimates than comparison with deceased controls. It is possible that the estimated relative risks can be regarded as upper (comparison with living controls) and lower (comparison with deceased controls) limits with the true values somewhere between. However, ex-smokers among the living controls would less often describe themselves as non-smokers than would surrogate respondents, an effect which would tend to reduce the relative risk. Thus it cannot be excluded that even the relative risks obtained by comparison with living controls actually represented an underestimation.
